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I. INTRODUCTION 

This ODH risk assessment is for the Liquid Argon Purification Demonstration (LAPD) facility 

located in PC4.  A Fatality Rate is computed to determine the ODH Classification.  The ODH risk 

severity is computed from cryogen release probabilities and the associated impact on PC4’s 

oxygen content.  PC4 is located at FERMI and FESHM 5064 fatality factors are used.  These 

fatality factors combined with the cryogen release potentials are used to express the ODH risk 

as a total fatality rate with its associated ODH Class.   

The LAPD project has an argon storage tank and argon purification system in PC4 to produce 

ultrapure Argon.  A pumped circulation and filtration system is used to reduce impurities in the 

Argon.   Liquid nitrogen is used as a coolant to remove heat absorbed by the argon system by 

condensing argon gas.  Vents are purged with argon gas from argon dewars. 

PC4 is connected the PC3 tunnel section.  PC4 is the emergency exit route from PC3.  The ODH 

risk for PC3 from PC4 is also assessed. 

II. SIZES AND VOLUMES 

The PC4 building space is comprised of a central enclosure and a beam enclosure.  For the 

purposes of this analysis only the central enclosure is being counted.  Only the people space of 

floor to 6 foot is being counted since heavier than air gases are involved.  The resulting volume 

for analysis is 60,249 cubic feet.  Room dimensions
1
 and calculation details are in the appendix 

A. 

PC3 is a tunnel section connected at the south end of PC4.  Tunnel dimensions and PC3 related 

calculations are in Appendix B.   

Liquid argon will be stored in PC4, in the LAPD tank.  This tank will hold 6,000 gallons (663,000 

SCF) of liquid argon, when full.  Liquid argon to fill the tank will be supplied from an argon 

trailer, located outside.  Argon will be also be used as purge gas.  The argon for purging will be 

supplied from argon Dewars, located outside. 

Liquid nitrogen will provide cooling for the LAPD tank.  The liquid nitrogen will be supplied from 

a liquid nitrogen trailer, located outside.  The trailer assigned to LAPD is trailer #22 which can 

hold 4,000 gallons (364,800 SCF) of liquid nitrogen.  

                                                             
1
 Drawing 8-4-4-PS-2, REV A/B, Jan 4, 1974, Titled: Proton Laboratory Phase G 
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Filter regeneration will use combination gases, argon/hydrogen gas and nitrogen gas.  The 

combination gases and argon/ hydrogen gas will be supplied from gas bottles stored outside.  

The nitrogen gas will be supplied from the same outside, liquid nitrogen trailer supplying the 

LAPD cooling.   The liquid nitrogen will pass through a vaporizer, located outside, before 

entering PC4. 

III. VENTILATION SYSTEMS 

PC4 has existing basic ventilation.  All the existing ventilation intakes and exhausts are located 

near the ceiling and will have little effect on risks from heavier than air gases.  For this reason, 

the existing ventilation is not counted in this ODH analysis.   

PC3 had ventilation that is no longer operational and not easily repaired.  A large ventilation 

duct is present near the entrance to PC3.  A fan was added to this duct to draw in fresh air and 

ventilate PC3.  FESS changed the door to PC3 into a solid door.  With this change, the 

ventilation air from PC3 exhausts into PC4. The installed fan has sufficient static pressure to 

push air into PC4 even if PC4 is ODH compromised.  A 16 inch axial fan will be used to provide a 

minimum of 500 CFM at 0.125” static pressure. This provides 1.5 air exchanges per hour.  The 

cases that were evaluated in selecting this fan are detailed in Appendix B.    

IV. ODH DETECTORS 

There will be two ODH detectors in PC4.  These detectors are near the LAPD tank and the 

filtration loop.  The detectors will be located at ground level.  These detectors are expected to 

detect an Argon or Nitrogen leak from the LAPD system.     The detector locations are indicated 

in Figure 1. 
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V. LAPD ODH EXHAUST SYSTEM 

When an ODH condition is signaled by any of the ODH detectors the following automated 

responses occur: 

A. Activation of ODH alarm horns and lights 

B. Activation of the ODH exhaust blower 

A large ODH exhaust blower will be located at floor level in PC4. This blower will draw heavier 

than air gases from floor level in the vicinity of the LAPD system and exhaust the gases outside.  

Fresh air is drawn in through existing louvers near the ceiling on the East and West wall.     

The ODH exhaust blower has been tested before LAPD work starts.  There is sufficient existing 

building fresh air vent capacity.  Additional air intakes are not needed.     

The North ODH 

head will be 

located as close 

as possible to 

the entrance to 

PC4. 

Figure 1: ODH Head locations 
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During LAPD operation, the ODH exhaust blower will be energized for a short period of time 

each day to confirm that the blower is operational.  Proper operation is confirmed by a flow 

switch on the blower outlet.  All blower failure modes (power, fuse, motor, belt, or mechanical 

linkage) will be detected as a lack of pressure on the blower outlet.  The LAPD PLC will inform 

the Fermi Facility Information Reporting Utility System (FIRUS) and use its auto dialer to inform 

LAPD personnel.  

VI. SIGNIFICANT SOURCES OF CRYOGENS 

The following are the significant sources of cryogens and gases which could produce ODH 

conditions in PC4 during LAPD work.  These are the sources considered in the analysis of 

component failures or ruptures.  The potential leak rates for argon and nitrogen are based on 

available pressure and leak size.  The details can be found in the appendix. There are no 

cryogens in use or stored in PC3. 

LIQUID NITROGEN SUPPLY HEADER 

The nitrogen supply header brings liquid nitrogen from the outside trailer.  This 

header is part of the LAPD system and holds a finite nitrogen supply of 4,000 

gallons (364,800 SCF). 

Trailer Tank Normal Operating Range:  30-40 psig 

Trailer Maximum Allowable Working Pressure: 50 psig 

LIQUID ARGON SUPPLY HEADER 

The argon supply header brings liquid argon from an outside liquid argon trailer 

during LAPD tank filling.  This trailer holds a maximum argon supply of 4,000 

gallons (442,000 SCF).   

Liquid argon dewars, located outside, will be supplying continuous argon for 

purge gas after LAPD tank filling is complete.  There will be multiple connections 

available for hooking up liquid argon dewars.   

ARGON/HYDROGEN GAS HEADER 

A gas header brings a 95% argon/5% hydrogen gas mixture from an outside 

trailer.   This trailer has a finite capacity of 40,000 standard cubic feet of the 

argon/hydrogen gas mixture. 
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NITROGEN GAS HEADER 

A nitrogen gas header provides nitrogen gas from an outside nitrogen ambient 

vaporizer.  This vaporizer is feed by the same liquid nitrogen trailer gas identified 

above. 

ARGON GAS HEADER 

An argon gas header will provide argon gas from outside dewars.  This header 

will operate with a pressure regulator and the individual purge points will be fed 

by small stainless steel tubing and rotometer.  

LAPD TANK 

The LAPD tank has a volume of 6,500 gallons.  Once filled, the LAPD tank would 

be kept full for the LAPD work.  The liquid argon is pumped from the tank 

through filtration steps and then back to the tank.    

ARGON FILTRATION VESSELS 

When the filtration system is operating, the filtration vessels would contain 

liquid argon.  During filtration, a liquid argon pump provides liquid argon, 

pumped from the LAPD Tank at a maximum of 2900 liters per hour (13 gpm).  

When not filtering, the filter vessels empty, as the liquid argon boils off.  The 

filtration system argon boil-off gas is condensed and returned to the LAPD Tank.    

VII. FAILURES CONTRIBUTING TO ODH 

A. Pressure Vessel – Leak and Failure 

All of the small vessels, used in the LAPD tank cooling system and in the argon 

filtration loop are pressure vessels.  These vessels are the vacuum jacketed 

filters, vacuum jacketed pump, argon condenser and nitrogen phase separator. 

A conservative catastrophic failure rate
2
 of 1.09x10

-8
 per hour is being used.  

More likely is that a pressure vessel develops a leak.  The risk of leak is an order 

of magnitude greater than the vessel catastrophic failure risk so a rate of 

1.09x10
-7

 per hour is being used for the leak risk
3
.  The details for these numbers 

are in the appendix. 

                                                             
2
 Ref. 2 

3
Leak risk based on a combination of ref. 2 and ref. 3 data.  See appendix for details. 
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The release rate from a catastrophic failure is estimated as the flow that can 

occur through the largest piping port on the vessel.  This assumes the failure has 

totally severed that port.   

B. LAPD Tank – Leak and Failure 

The LAPD tank is manufactured to API 620, appendix Q standards and has 100% 

radiography.  This reduces its leak and catastrophic failure risks to a level 

comparable to pressure vessels.   The pressure vessel leak and catastrophic 

failure rates will be used. 

For the vessel failure release rate the flow through a 2” schedule 40 port is used 

because the flow from a severed port below liquid level will exceed the release 

rate from a severed port in the vapor space because this is a low pressure tank.  

C. Piping – Leak and Failure 

Piping probabilities for leaks and failure are from FESHM 5064. 

D. Flanges and Conflats – Leak and Failure 

Probabilities for leaks and failures of flanges are from FESHM 5064.  

E. Human Error – Opening Valve 

The argon pump loop has several piping connections points for servicing the 

filters.  One of these connection points could be uncapped and operated in error 

without proper positioning of block valves.  A failure rate of 1.25x10
-5

 per hour 

was estimated for this possibility.  Details are contained in the appendix. 

F. Relief Valve - Leak and Release 

The large LAPD tank relief valve is vented to the outside.  The vent piping is 

handled as piping with leak and failure risks as noted previously. 

The small relief valves protecting the filter vessels are assumed to vent inside 

PC4.  One of these relief valves would release if a filter vessel is blocked in by 

human error.   The human failure rate estimated earlier for opening a valve is 

applied.  A filter (22.5 gal) contains insufficient cryogen to exceed a fatality rate= 

0 impact on PC4.      

The small relief valves on the condenser and phase separator are assumed to 

vent inside PC4.  A liquid full phase separator (29 gal) contains insufficient 
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cryogen to exceed a fatality rate=0 impact on PC4.  This is also true for the 

smaller condenser vessel.    

Trapped volume relief valves on the argon and nitrogen piping are also assumed 

to vent inside PC4.   All piping trapped volumes contain insufficient cryogen to 

exceed a fatality rate=0 impact in PC4.    Details are contained in the appendix. 

G. PC4 ODH Event – Impacting PC3 

An ODH event in PC4 impacts PC3 ODH when the release is greater than the ODH 

fan can handle or when there is a failure of the ODH fan.  A separate column is 

contained in Table 1 indicating these risks and tabulating the ODH risk.  

VIII. ODH CALCULATIONS 

Oxygen concentrations are calculated using FESHM, 5064, equation 4 at time equal to infinity. 

 

• Q is the rate the ventilation is drawing out the contaminated atmosphere.   

• R is the spill rate of the air displacing gas.   

• C is the concentration of oxygen assuming perfect mixing. 

 

It is assumed that any leak occurring during blower failure will drive the oxygen concentration 

to 0%, as time approaches infinity. 

The fatality factor is per the graph in figure 1, FESHM 5064.  An equation was used to represent 

the graph in the ODH analysis, detailed in Table 1.       

IX. PC4 RECOMMENDATIONS  

The total of the fatality risk rate without an ODH exhaust blower is 3.81x10
-4

 per hour which is 

ODH Class 2.  Addition of a 3,000 CFM ODH exhaust blower reduced the fatality risk rate to 

6.58x10
-8

 per hour.  Addition of the ODH exhaust blower reduces the fatality risk rate from an 

ODH Class 2 to ODH Class 0.  

 A 3000 CFM ODH blower is used for LAPD to achieve ODH class 0.  The ODH tabulation with the 

3000 CFM blower is shown in Table 1.    

X. PC3 IMPACT 

PC3 is ODH class 0 from a risk standpoint.  The exit from PC3 enters an ODH class 0 area. 
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LAPD SPACE (building PC4): 60,249 cu. ft. (based on 6ft height for people space)

ODH Exhaust: 3,000 cu. ft./min PC4 Exhaust Ventilation 0 cu. ft./min

Total Exhaust Affecting ODH 3,000 (vent. + ODH exhaust) PC4 will have two ODH fans, only 1 fan is needed for LAPD rev. 11/09/12

Ventilation Failure Rate: 1.46E-04 /hr (Includes ODH monitoring system failure, see failure rate calculation in appendix)

Failure 

Type

# 

of

Individual 

Failure 

Rate (/hr)

S
O

U
R

C
E Total 

Failure 

Rate for 

Item

Leak 

rate, into 

people 

space 

(CFM)

C(O2) at 

infinity

Fatality 

Factor

PC4 

Fatality 

Rate
ODH 

CLASS

PC3 

Fatality 

Rate
ODH 

CLASS Notes

LAPD Tank w/ vent.
TANK leak 1 1.09E-07 D 1.09E-07 103 20.28% 0.00E+00 0 0 0 0 small leak

TANK failure 1 1.09E-08 D 1.09E-08 22240 0.00% 1.00E+00 1.09E-08 0 1.09E-08 0 catastrophic failure

conflat leak 30 4.00E-07 B 1.20E-05 4 20.97% 0.00E+00 0 0 0 0

conflat blowout 30 0.00E+00 B 0.00E+00 18 20.87% 0.00E+00 0 0 0 0

conflat break 1 1.00E-09 B 1.00E-09 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

side manway leak 1 4.00E-07 B 4.00E-07 103 20.28% 0.00E+00 0 0 0 0

top manway leak 1 4.00E-07 B 4.00E-07 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

LAPD Tank w/o vent.
TANK leak 1 1.09E-07 D 1.09E-07 103 0.00% 1.00E+00 1.60E-11 0 1.60E-11 0

TANK failure 1 1.09E-08 D 1.09E-08 22240 0.00% 1.00E+00 1.60E-12 0 1.60E-12 0

conflat leak 30 4.00E-07 B 1.20E-05 4 0.00% 1.00E+00 1.76E-09 0 1.76E-09 0

conflat blowout 30 0.00E+00 B 0.00E+00 18 0.00% 1.00E+00 0 0 0 0

conflat break 1 1.00E-09 B 1.00E-09 33 0.00% 1.00E+00 1.46E-13 0 1.46E-13 0

side manway break 1 4.00E-07 B 4.00E-07 103 0.00% 1.00E+00 5.86E-11 0 5.86E-11 0

top manway break 1 4.00E-07 B 4.00E-07 33 0.00% 1.00E+00 5.86E-11 0 5.86E-11 0

Condenser w/ vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up rate

VESSEL failure 1 1.09E-08 D 1.09E-08 33 20.77% 0.00E+00 0 0 0 0
small LAr inventory / release limited 

by boil-up from main tank

relief valve - relief event error 1 1.25E-05 A 1.25E-05 300 18.90% 0.00E+00 0 0 0 0 human error - blocks in cond.

relief valve leak 1 1.00E-05 A 1.00E-05 0 21.00% 0.00E+00 0 0 0 0 meets API-527, leak<0.001 cfm

Condenser w/o vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 33 0.00% 1.00E+00 1.60E-11 0 1.60E-11 0

VESSEL failure 1 1.09E-08 D 1.09E-08 33 0.00% 1.00E+00 1.60E-12 0 1.60E-12 0

relief valve - relief event error 1 1.25E-05 A 1.25E-05 300 20.00% 0.00E+00 0 0 0 0

relief valve leak 1 1.00E-05 A 1.00E-05 0 21.00% 0.00E+00 0 0 0 0

N2 Phase Sep. w/ vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 203 19.58% 0.00E+00 0 0 0 0 small leak

VESSEL failure 1 1.09E-08 D 1.09E-08 10147 0.00% 1.00E+00 1.09E-08 0 1.09E-08 0 est. equal to LN2 pipe break

relief valve - relief event error 1 1.25E-05 A 1.25E-05 300 18.90% 0.00E+00 0 0 0 0 human error - blocks in sep.

relief valve leak 1 1.00E-05 A 1.00E-05 0 21.00% 0.00E+00 0 0 0 0 meets API-527, leak<0.001 cfm

N2 Phase Sep. w/o vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 203 0.00% 1.00E+00 1.60E-11 0 1.60E-11 0

VESSEL failure 1 1.09E-08 D 1.09E-08 10147 0.00% 1.00E+00 1.60E-12 0 1.60E-12 0

relief valve - relief event error 1 1.25E-05 A 1.25E-05 300 20.00% 0.00E+00 0 0 0 0 limited inventory no ODH 

relief valve leak 1 1.00E-05 A 1.00E-05 0 21.00% 0.00E+00 0 0 0 0

Argon Pump w/ vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 287 18.99% 0.00E+00 0 0 0 0 small leak

VESSEL failure 1 1.09E-08 D 1.09E-08 1703 9.08% 6.13E-01 6.68E-09 0 0 0 limited by max. pump rate
 

Argon Pump w/o vent.
VESSEL leak 1 1.09E-07 D 1.09E-07 287 18.99% 0.00E+00 0 0 0 0

VESSEL failure 1 1.09E-08 D 1.09E-08 1703 9.08% 6.13E-01 9.79E-13 0 9.79E-13 0

Filter Vessels w/ vent.
VESSEL leak 2 1.09E-07 D 2.18E-07 287 18.99% 0.00E+00 0 0 0 0 small leak

VESSEL failure 2 1.09E-08 D 2.18E-08 1703 9.08% 6.13E-01 1.34E-08 0 0 0 limited by max pump rate

VENT VALVE error 2 1.25E-05 A 2.50E-05 1000 14.00% 1.11E-04 2.76E-09 0 0 0 human error - opens vent valve

relief valve - relief event error 2 1.25E-05 A 2.50E-05 300 18.90% 0.00E+00 0 0 0 0 human error - blocks in filter

relief valve leak 2 1.00E-05 A 2.00E-05 0 21.00% 0.00E+00 0 0 0 0 meets API-527, leak<0.001 cfm

Filter Vessels w/o vent.
VESSEL leak 2 1.09E-07 D 2.18E-07 287 0.00% 1.00E+00 3.19E-11 0 3.19E-11 0

VESSEL failure 2 1.09E-08 D 2.18E-08 1703 0.00% 1.00E+00 3.19E-12 0 3.19E-12 0

VENT VALVE error 2 1.25E-05 A 2.50E-05 1000 0.00% 1.00E+00 3.66E-09 0 3.66E-09 0

relief valve - relief event error 2 1.25E-05 A 2.50E-05 300 20.00% 0.00E+00 0 0 0 0 limited inventory no ODH 

relief valve leak 2 1.00E-05 A 2.00E-05 0 21.00% 0.00E+00 0 0 0 0

N2 Supply w/ vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 203 19.58% 0.00E+00 0 0 0 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 10147 0.00% 1.00E+00 0 0 0 0

PIPES < 2" break 100 9.14E-12 B 9.14E-10 10180 0.00% 1.00E+00 9.14E-10 0 9.139E-10 0

Flanges leak 4 4.00E-07 B 1.60E-06 203 19.58% 0.00E+00 0 0 0 0

Flanges blowout 4 0.00E+00 B 0.00E+00 967 14.23% 7.37E-05 0 0 0 0

Flanges break 4 1.00E-09 B 4.00E-09 6445 0.00% 1.00E+00 4.00E-09 0 3.999E-09 0

VALVE leak 4 1.00E-08 A 4.00E-08 203 19.58% 0.00E+00 0 0 0 0

Trapped V reliefs leak 12 1.00E-05 A 1.20E-04 0 21.00% 0.00E+00 0 0 0 0 circleseal leak=0 below reseal P

N2 Supply w/o vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 203 0.00% 1.00E+00 4.47E-12 0 4.47E-12 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 10147 0.00% 1.00E+00 0 0 0 0

PIPES < 2" break 100 9.14E-12 B 9.14E-10 10180 0.00% 1.00E+00 1.34E-13 0 1.34E-13 0

Flanges leak 4 4.00E-07 B 1.60E-06 203 0.00% 1.00E+00 2.34E-10 0 2.34E-10 0

Flanges blowout 4 0.00E+00 B 0.00E+00 967 0.00% 1.00E+00 0 0 0 0

Flanges break 4 1.00E-09 B 4.00E-09 6445 0.00% 1.00E+00 5.86E-13 0 5.86E-13 0

VALVE leak 4 1.00E-08 B 4.00E-08 203 0.00% 1.00E+00 5.86E-12 0 5.86E-12 0

Trapped V reliefs leak 12 1.00E-05 B 1.20E-04 0 21.00% 0.00E+00 0 0 0 0

EQUIPMENT

PIPING

TABLE 1:     LAPD Oxygen Deficiency Hazard Analysis
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Failure 

Type

# 

of

Individual 

Failure 

Rate (/hr)

S
O

U
R

C
E Total 

Failure 

Rate for 

Item

Leak 

rate, into 

people 

space 

(CFM)

C(O2) at 

infinity

Fatality 

Factor

PC4 

Fatality 

Rate
ODH 

CLASS

PC3 

Fatality 

Rate
ODH 

CLASS Notes

N2 vent gas w/ vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 18 20.87% 0.00E+00 0 0 0 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 717 15.98% 3.44E-06 0 0 0 0

PIPES < 2" break 100 9.14E-12 B 9.14E-10 3382 0.00% 1.00E+00 9.14E-10 0 9.139E-10 0

Flanges leak 1 4.00E-07 B 4.00E-07 18 20.87% 0.00E+00 0 0 0 0

Flanges blowout 1 0.00E+00 B 0.00E+00 181 19.73% 0.00E+00 0 0 0 0

Flanges break 1 1.00E-09 B 1.00E-09 1210 12.53% 1.45E-03 1.45E-12 0 0 0

VALVE leak 1 1.00E-08 A 1.00E-08 18 20.87% 0.00E+00 0 0 0 0 small leak

N2 vent gas w/o vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 18 0.00% 1.00E+00 4.47E-12 0 4.47E-12 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 717 0.00% 1.00E+00 0 0 0 0

PIPES < 2" break 100 9.14E-12 B 9.14E-10 3382 0.00% 1.00E+00 1.34E-13 0 1.34E-13 0

Flanges leak 1 4.00E-07 B 4.00E-07 18 0.00% 1.00E+00 5.86E-11 0 5.86E-11 0

Flanges blowout 1 0.00E+00 B 0.00E+00 181 0.00% 1.00E+00 0 0 0 0

Flanges break 1 1.00E-09 B 1.00E-09 1210 0.00% 1.00E+00 1.46E-13 0 1.46E-13 0

VALVE leak 1 1.00E-08 A 1.00E-08 18 0.00% 1.00E+00 1.46E-12 0 1.46E-12 0

Argon Loop w/ vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 287 18.99% 0.00E+00 0 0 0 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 1703 9.08% 6.13E-01 0 0 0 0 limited by max pump

PIPES < 2" break 100 9.14E-12 B 9.14E-10 1703 9.08% 6.13E-01 5.61E-10 0 0 0 limited by max pump

Flanges leak 12 4.00E-07 B 4.80E-06 287 18.99% 0.00E+00 0 0 0 0

Flanges blowout 12 0.00E+00 B 0.00E+00 1703 9.08% 6.13E-01 0 0 0 0 limited by max pump

Flanges break 12 1.00E-09 B 1.20E-08 1703 9.08% 6.13E-01 7.36E-09 0 0 0 limited by max pump

VALVE leak 12 1.00E-08 A 1.20E-07 287 18.99% 0.00E+00 0 0 0 0 small leak

Trapped V reliefs leak 12 1.00E-05 A 1.20E-04 0 21.00% 0.00E+00 0 0 0 0 circleseal leak=0 below reseal P

Argon Loop w/o vent.
PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 287 0.00% 1.00E+00 4.47E-12 0 4.47E-12 0

PIPES < 2" leak, large 100 0.00E+00 B 0.00E+00 1703 0.00% 1.00E+00 0 0 0 0

PIPES < 2" break 100 9.14E-12 B 9.14E-10 1703 0.00% 1.00E+00 1.34E-13 0 1.34E-13 0

Flanges leak 12 4.00E-07 B 4.80E-06 287 0.00% 1.00E+00 7.03E-10 0 7.03E-10 0

Flanges blowout 12 0.00E+00 B 0.00E+00 1703 0.00% 1.00E+00 0 0 0 0

Flanges break 12 1.00E-09 B 1.20E-08 1703 0.00% 1.00E+00 1.76E-12 0 1.76E-12 0

VALVE leak 12 1.00E-08 A 1.20E-07 287 0.00% 1.00E+00 1.76E-11 0 1.76E-11 0

Trapped V reliefs leak 12 1.00E-05 A 1.20E-04 0 21.00% 0.00E+00 0 0 0 0

Vent Pipes w/ vent.
PIPES, < 2" leak, small 300 3.05E-10 B 9.15E-08 3 20.98% 0.00E+00 0 0 0 0

PIPES, < 2" leak, large 300 0.00E+00 B 0.00E+00 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

PIPES, < 2" break 300 9.14E-12 B 2.74E-09 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

PIPES, > 2" leak, small 30 3.05E-10 B 9.15E-09 3 20.98% 0.00E+00 0 0 0 0

PIPES, > 2" leak, large 30 3.05E-11 B 9.15E-10 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

PIPES, > 2" break 30 9.14E-12 B 2.74E-10 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

Flanges leak 12 4.00E-07 B 4.80E-06 3 20.98% 0.00E+00 0 0 0 0

Flanges blowout 12 0.00E+00 B 0.00E+00 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

Flanges break 12 1.00E-09 B 1.20E-08 33 20.77% 0.00E+00 0 0 0 0 limited by boil-up

VALVE leak 12 1.00E-08 A 1.20E-07 3 20.98% 0.00E+00 0 0 0 0

Vent Pipes w/o vent.
PIPES, < 2" leak, small 300 3.05E-10 B 9.15E-08 3 0.00% 1.00E+00 1.34E-11 0 1.34E-11 0

PIPES, < 2" leak, large 300 0.00E+00 B 0.00E+00 33 0.00% 1.00E+00 0 0 0 0

PIPES, < 2" break 300 9.14E-12 B 2.74E-09 33 0.00% 1.00E+00 4.01E-13 0 4.01E-13 0

PIPES, > 2" leak, small 30 3.05E-10 B 9.15E-09 3 0.00% 1.00E+00 1.34E-12 0 1.34E-12 0

PIPES, > 2" leak, large 30 3.05E-11 B 9.15E-10 33 0.00% 1.00E+00 1.34E-13 0 1.34E-13 0

PIPES, > 2" break 30 9.14E-12 B 2.74E-10 33 0.00% 1.00E+00 4.01E-14 0 4.01E-14 0

Flanges leak 12 4.00E-07 B 4.80E-06 3 0.00% 1.00E+00 7.03E-10 0 7.03E-10 0

Flanges blowout 12 0.00E+00 B 0.00E+00 33 0.00% 1.00E+00 0 0 0 0

Flanges break 12 1.00E-09 B 1.20E-08 33 0.00% 1.00E+00 1.76E-12 0 1.76E-12 0

VALVE leak 12 1.00E-08 A 1.20E-07 3 0.00% 1.00E+00 1.76E-11 0 1.76E-11 0

Sample Tubing w/ vent.
Small Dia. Tubing leak, small 300 3.05E-10 B 9.15E-08 200 19.60% 0.00E+00 0 0 0 0

Small Dia. Tubing leak, large 300 0.00E+00 B 0.00E+00 200 19.60% 0.00E+00 0 0 0 0

Small Dia. Tubing break 300 3.05E-10 B 9.15E-08 200 19.60% 0.00E+00 0 0 0 0

Sample Tubing w/o vent.
Small Dia. Tubing leak, small 300 3.05E-10 B 9.15E-08 200 0.00% 1.00E+00 1.34E-11 0 1.34E-11 0

Small Dia. Tubing leak, large 300 0.00E+00 B 0.00E+00 200 0.00% 1.00E+00 0 0 0 0

Small Dia. Tubing break 300 3.05E-10 B 9.15E-08 200 0.00% 1.00E+00 1.34E-11 0 1.34E-11 0

No credit taken for PC3 ventilation.  

 Yellow hightlight on release rates greater than total ventilation exhaust - for reference

 Yellow hightlight on ODH Class if greater than Class 0

SOURCES

A FESHM Chapter 5064, rev. 05/2009

B Risk Analysis for Process Plant, Pipelines and Transport, 1994.

C Guidelines for Process Equipment Reliability Data, with Data Tables, CCPS, 1989

D

E

NOTES

1

2

3

0

Total Fatality Rate: 

Overall ODH Class: 

Piping risk data is per ft per hour. Number of items for piping is estimated number of feet of piping. For piping with many bends or fittings, the estimate is 

increased by 50% to account for increased complexity. Outside piping is excluded.

Source C and B are combined to provide a conservative failure rate and reasonable difference between 

failure risk and leak risk.

PC4

PC3

cryostat relief vents outside

Small leak and break risk for 2" to 6" is same as for less 2". 

Vendor service life data used to calculate a failure rate.

Total Fatality Rate: 

Overall ODH Class: 

6.579E-08

0

3.505E-08

2 of 2
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rev. 05-06-11APPENDIX B - PC3 Fan "Head"

These calculations determine the backpressure from PC4 for the PC3 ventilation
that vents into PC4.
  
Three cases are evaluated:
  - All of PC4 @ 18% O2 from a slow argon release. 
  - Floor to 6 ft @ 15% O2 from a significant argon spill.
  - Floor to 6 ft @ 0% O2.   

Concentration of Oxygen in air Relationship between inert gas and air

Xo 0.21 Xair:= Xair Xair 1 Xinert-:= Xinert

Substituting in the inert conc. Rearranged to solve for inert conc.

Xo 0.21 1 Xinert-( ):= Xinert Xinert 1
Xo

0.21
-:=

Xo

Case 1: Evaluate at 18% O2, floor to ceiling

Xo 18 %:= Xinert 1
Xo

0.21
-:= Xinert 14.3 %=

Resulting "Air" Makeup for Density Determination 

O2conc Xo 18 %=:= N2conc 1 Xinert-( )0.79 67.7 %=:= Xinert 14.3 %=

Density of the reduced O2 air with argon as the added inert gas
    ref: REFPROP V8.0

ρmix 1.2610
kg

m3
:= @ 70 F ρair 1.1559

kg

m3
:= air @ 90 F 

(worst case is when air is warm)

Gas Head from the above added argon gas and PC4 full of this gas mixture

GasH1 20 ft g ρmix ρair-( ) 0.025 in_H2O=:=
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APPENDIX B

Case 2: Evaluate at 15% O2, floor to 6 ft

Xo 15 %:= Xinert 1
Xo

0.21
-:= Xinert 28.6 %=

Resulting "Air" Makeup for Density Determination 

O2conc Xo 15 %=:= N2conc 1 Xinert-( )0.79 56.4 %=:= Xinert 28.6 %=

Density of the reduced O2 air with argon as the added inert gas
    ref: REFPROP V8.0

ρmix 1.4536 kg

m3
:= @20 F ρair 1.1559 kg

m3
= @90 F

Gas Head from the above added argon gas and PC4 full of this gas mixture

GasH2 6 ft g ρmix ρair-( ) 0.021 in_H2O=:=

Case 3: Evaluate at 0% O2, floor to 6 ft

Density of 0% O2 / pure argon gas 
    ref: REFPROP V8.0

ρArgas 1.9087 kg

m3
:= @ 0 F ρair 1.1559 kg

m3
= @90 F

Gas Head from the above added argon gas and PC4 full of this gas mixture

GasH3 6 ft g ρArgas ρair-( ) 0.054 in_H2O=:=

GasH1 0.025 in_H2O= GasH2 0.021 in_H2O=

Case 3 has the highest gas head and therefore case 3 sets the "head" the fan must
be capable of.
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APPENDIX B

The supply duct to the new PC3 fan is an existing spiral air duct.  The inside
diameter was field measured at 17.5 inches.  

Duct Static Pressure loss for 500 cfm in 17" spiral duct

SPduct.loss 0.02 in_H2O
100 ft

:= ref: Spiral Manufacturing Co. Engineering Data, p.
56, www.spiralmfg.com.

Total Duct Statis Pressure loss for 300 ft of duct at above flow

Ductloss 300 ft SPduct.loss 0.06 in_H2O=:=

Total SP for fan selection

GasH3 Ductloss+ 0.114 in_H2O=

Estimate of PC3 air exchange rate

PC3 is a long tunnel that is approximated 10 ft wide by 10 ft tall and approximate
200 ft in length. 

hr
10 ft 10 ft 200 ft

500
ft3

min


1.5= air exchanges per hour
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